Patients often report greater visual difficulties at home than expected from vision testing in the clinic. Such discordance may be owing to worse vision in the home than measured in clinic.
C linicians often assume that vision measured in the clinic is equivalent to vision at home. However, many patients report visual difficulties greater than expected based on their vision testing in the clinic. Measurement disparities between clinical and nonclinical settings have been reported for blood pressure 1, 2 and cognitive function. 3 Differences in vision measured in the clinic and home may also exist and partially explain the discord between patient report and clinical testing. In a seminal study in 1978 comparing clinic and home visual acuity (VA), Silver et al 4 reported poorer vision testing in the home than in clinic for 56 low-vision patients, 4 of whom had glaucoma. Increased home lighting improved VA at home in most of these patients. However, these results are not necessarily generalizable to patients with glaucoma with mild or moderate visual impairment or older adults without ocular disease. The purpose of this report was to (1) compare vision between the clinic and home and (2) evaluate factors, including lighting, associated with differences in vision between the clinic and home in older adults with mild, moderate, and advanced glaucoma and no ocular disease.
Methods
Consecutive eligible patients, aged 55 to 90 years, with a clinical diagnosis of glaucoma and age range-matched (by decades) patients without vision-impairing ocular disease were recruited from their regularly scheduled eye appointments in the Glaucoma and Comprehensive Eye Clinics at Washington University School of Medicine between December 15, 2005, and July 7, 2009. The study protocol was in accordance with the Declaration of Helsinki and was approved by the Human Research Protection Office at Washington University School of Medicine. Written informed consent was obtained from all eligible participants prior to participating in the study. A target sample size for this pilot study was 50 participants for each group of mild, moderate, and advanced glaucoma and 50 nonglaucoma participants. This sample size was selected to detect an effect size of 0.50 between normal and glaucoma groups with a power of 0.8 and 2-sided alpha of 0.05. A glaucoma diagnosis was based on glaucomatous optic nerve cupping and reproducible visual field defects (ie, 3 adjacent points depressed at P < 5% with 1 point depressed at P < 1%) in 1 or both eyes and included primary open angle, pigmentary dispersion, pseudoexfoliation, and chronic angle closure glaucoma. A nonglaucoma diagnosis was based on the absence of ocular pathology affecting the patient's vision. Patients were excluded if they had neovascular, uveitic, or acute angle closure glaucoma; ocular hypertension; glaucoma suspect status; nonglaucomatous ocular disease; visually significant cataracts (distance VA ≤20/40 and ≥ grade 2 nuclear sclerosis); myopia greater than 6 diopters; current use of miotic glaucoma medications; incisional or laser eye surgery within 3 months of enrollment; severely impaired cognition (Short Blessed Test score >10); self-reported physical disability limiting function (eg, stroke); unreliable visual field parameters (>20% fixation losses or >33% false negatives or false positives); resided in a nursing home; or for whom English was not their primary language. Demographic and clinical data, including cataract status, cup-to-disc ratio, central corneal thickness, visual field parameters, ocular and systemic medications, and comorbidities, were recorded.
Participants were scheduled for both clinic and home visits; visits were randomized with respect to order of testing using a computer-generated, randomized, permuted block design with equal allocation to both testing orders. The clinic visit occurred in a clinic examination room and the home visit occurred in the participant's primary home. Both clinic and home visits were attempted to be scheduled within 1 to 4 weeks to minimize changes in clinical status and between the hours of 9 AM and 4 PM to minimize effects from outdoor lighting on clinical and functional testing. The time of day, visit duration, and weather (eg, rainy or sunny) during the home visit were recorded.
Monocular visual field testing was conducted for participants with glaucoma using the Humphrey Visual Field Analyzer II (Carl Zeiss Meditec) equipped with the SITA Standard algorithm. Participants with vision worse than 20/200 underwent a Goldmann visual field test. Visual field testing was not performed if a reliable visual field within 6 months of the first study visit was available. The visual field for each eye was classified into a glaucoma stage (0-5) using the Glaucoma Staging System. 5 Reportedly, VA in the betterseeing eye is a good predictor of visual disability, 6 identified were also converted to lines correctly seen using the classification: 3 to 7 letters = 1 line, 8 to 12 letters = 2 lines, and 13 or more letters = 3 or more lines. 9, 10 Prior studies have reported a clinically meaningful change in visual function with a 2 or greater line change in VA.
10,11
Therefore, we used a 2 or greater line difference between the clinic and home as the threshold for a clinically significant difference.
Near Visual Acuity Binocular NVA was measured using Lighthouse Near Visual Acuity card (Lighthouse, category No. C170) at the standard distance of 16.0 in and at the participant's preferred reading distance. Patients tested for near VA at their preferred distance in both the clinic and home were included in the analysis. Sixty patients were tested in the clinic at standard distance only and were therefore excluded from analysis of NVA testing. Near VA testing occurred under diffuse overhead lighting in the clinic and under customary lighting for near work (including increased task lighting) in the home. Near VA was scored similarly to DVA.
Contrast Sensitivity
Binocular CS was measured using the Pelli-Robson Contrast Sensitivity chart (Clement Clarke International, reference No. 7002250) at 1 m. 12 Contrast sensitivity was scored by the number of triplets correctly identified (with at least 2 of 3 letters correctly identified in a triplet) and converted to log 10 contrast for analysis. We used a 2 or greater triplet difference between the clinic and home as the threshold for a clinically significant difference.
CS With Brightness Acuity Tester on Low and Medium Glare Binocular CS with glare testing was measured using bilateral brightness acuity testers (BATs; Mentor) in conjunction with a Pelli-Robson chart of a version different than that used for CS testing. Participants placed 1 BAT over each eye and adjusted their positions until binocular fusion was obtained. Participants were asked to identify as many triplets as possible, with both BATs placed on low setting (300 foot-candles) and subsequently on medium setting (2500 foot-candles). The examiner routinely checked for binocular fusion throughout testing and assisted with stabilization of the BATs if the participant was unable to do so. Low and medium glare testing was scored similarly to CS. Contrast sensitivity with glare testing on medium setting is reported in this analysis.
Lighting
A digital light meter (Extech Easy View, EA30) was used to measure incident light levels at the upper right and lower left corners of each vision chart at clinic and home visits. Vision testing in the clinic was conducted with lighting in the recommended range for vision testing of 200 to 550 lux. Data for vision tests were excluded if clinic lighting did not meet these requirements. At the home visit, lighting was measured in the location where NVA was tested and in the location where DVA, CS, and CS with glare testing occurred. Participants were tested in the home under habitual lighting conditions and, as stated previously, were allowed to use customary increased lighting for NVA testing. After completion of the first 10 participant visits, we improved our assessment of lighting by replacing a light meter measuring reflective light (Luna-Pro digital light meter, model No. 4022) with the Extech light meter, which measures incident light. For this reason, data from these 10 participants were excluded from the analysis.
Interviewer-Administered Questionnaires and Performance-Based Measures
Self-reported questionnaires were administered by an examiner using large font size cue cards with response options. Questionnaires pertinent to this report are explained in detail here. All data were entered in a double-data entry fashion, with discrepancies manually checked and reentered.
Medical Index
A modified version of the Duke Medical Index was used to identify comorbidities potentially affecting daily function and quality of life. 13 The medical index includes arthritis, asthma, emphysema/bronchitis, high/low blood pressure, cardiac disease, circulatory disease, diabetes mellitus, anemia, stroke, neuromuscular disease, back pain, and cancer.
Hollingshead Index of Social Position
Education and occupation levels were coded using the scales from the Hollingshead Index of Social Position. 14 The education level of the participant was classified on a scale of 1 (graduate professional training) to 7 (<7 years of school). We subclassified patients with education levels 1 through 3 as some college or more. The occupation level of the head of the household was classified on a scale of 1 (eg, major professional) to 7 (eg, unskilled worker), with levels 1 through 3 subclassified as major or minor professionals.
Short Blessed Test
The Short Blessed Test is a reliable and valid tool used to screen for dementia in community-dwelling and long-term care populations. 15, 16 Scores range from 0 to 28, with scores greater than 10 suggestive of cognitive impairment. 17 Geriatric Depression Scale The Geriatric Depression Scale-Short Form is a 15-item version of the 30-item screening test for depression. 18, 19 Scores range from 0 to 15, with scores of 5 or greater indicative of possible depression.
Statistical Analysis
Descriptive statistics (mean, median, and standard deviation) are reported for vision measures (ie, DVA, NVA, CS, and CS with glare) and lighting levels assessed in the clinic and home. Analyses of lighting levels were conducted using a log transformation of lux. For the overall sample, vision scores and lighting were compared between the clinic and home using matched-pair t tests. The effect of glaucoma severity on home lighting and on differences in vision scores between the clinic and home (eg, DVA in clinic minus DVA in home) were tested using analysis of variance. In addition, a planned comparison between nonglaucoma and the advanced glaucoma groups was performed.
For each vision measure (DVA, NVA, CS, and CS with glare), the difference in vision scores between the clinic and home (eg, DVA in clinic minus DVA in home) and the following factors were evaluated: age, sex, race/ethnicity, education, occupation, number of comorbidities, glaucoma status, cataract status, Short Blessed Test score, Geriatric Depression Scale score, and lighting differences between the clinic and home. Factors correlated with differences in any of the vision scores (Pearson correlation with P ≤ .10) were included in multiple regression analyses with differences in vision scores as the dependent variable. Separate multiple regression analyses were performed for each vision test (DVA, NVA, CS, and CS with glare). We performed similar analyses, with the dependent variable dichotomized into 2 or more lines vs fewer than 2 lines different on vision testing between the clinic and home (clinic minus home). A similar approach was used to analyze factors associated with home lighting in areas tested for DVA and NVA. Odds ratios to characterize the relationship between differences in lighting between the clinic and home and differences in vision between the clinic and home were calculated using a logistic regression model.
Statistical analyses were performed using SAS version 9.2 (SAS Inc).
Results
Of 356 potentially eligible patients identified by medical record review, 190 (53%) agreed to participate (138 patients with glaucoma and 52 nonglaucoma cases). Reasons for study refusal included lack of interest (n = 62), health (n = 39), scheduling (n = 31), transportation difficulties (n = 28), and refusal of home visit (n = 6).
Participants were excluded from this report if (1) both clinic and home visits were not completed (n = 3), (2) lighting was measured in reflective as opposed to incident levels (n = 10), (3) lighting was not within the standard range for all clinic vision tests (n = 2), or (4) binocular vision was no light perception (n = 1). One participant was excluded for both criteria 1 and 2. Thus, data from 175 participants (92% of total 190 participants; 126 glaucoma and 49 nonglaucoma) were available for analysis. There were 58 patients with glaucoma classified as having mild, 49 as having moderate, and 19 as having advanced stage of glaucoma. There was a higher refusal rate of patients with advanced glaucoma owing to unwillingness to complete a home assessment. Data were excluded from analysis if clinic lighting was not within 200 to 550 lux as required by protocol (n = 20 for NVA, n = 3 for CS, and n = 2 for CS with glare) or if habitual correction differed between clinic and home testing (n = 8 for NVA, n = 11 for DVA, n = 10 for CS, and n = 10 for CS with glare).
Of the 175 participants, 89 (51%) completed the clinic visit first and 86 (49%) completed the home visit first. The mean (SD) number of days between clinic and home visits was 14.0 (20.6) days (median, 7.0 days). Fourteen percent of the total sample (n = 24) had clinic and home visits scheduled more than 4 weeks apart. In this subset of participants, there was no difference by disease diagnosis (12% nonglaucoma and 14% glaucoma) or order of visits (11% clinic before home and 16% home before clinic). The mean (SD) visit duration was 0.9 (0.3) hours for the clinic visit and 1.5 (0.4) hours for the home visit.
Baseline demographic characteristics of participants with glaucoma and nonglaucoma participants in this report were similar, with the exception of mean deviation on visual field tests ( Table 1) . For the overall sample, mean scores for DVA, NVA, CS, and CS with glare tests were statistically significantly better in the clinic than at home (P < .05, Table 2 ). There was no overall linear trend by glaucoma severity for differences in vision scores between the clinic and home for any of the vision tests (P > .05). However, differences in vision scores between the clinic and home (clinic better than home) were significantly greater in the advanced glaucoma group compared with the nonglaucoma group for DVA testing (P = .01) and significantly smaller in the advanced glaucoma group compared with the nonglaucoma group for CS testing (P = .03).
For DVA, 29% of participants with glaucoma and 16% of those without glaucoma read 2 or more lines better in the clinic than home ( Figure 1A) ; 44% and 39% of the advanced glaucoma group read 2 or more lines and 3 or more lines better, respectively, in the clinic than home. For NVA, 22% of participants with glaucoma and 19% of those without glaucoma read 2 or more lines better in the clinic than home ( Figure 1B ). For CS, 10% of participants with glaucoma and 20% of those without glaucoma read 2 or more triplets better in the clinic than home (Figure 2A ). For CS with glare, 46% of participants with glaucoma and 56% of those without glaucoma read 2 or more triplets better in the clinic than home ( Figure 2B ).
Higher lighting in the clinic compared with home was the strongest statistically significant factor associated with better vision in the clinic than home in univariate and multivariate analyses (P < .05 for DVA, NVA, and CS with glare). Other factors associated with differences in vision scores between the clinic and home for DVA, NVA, and CS with glare testing on univariate analyses (P < .05) included age, sex, race/ ethnicity, occupation, and the Geriatric Depression Scale score. In separate multiple regression models that included the aforementioned factors, better performance in the clinic than home (P < .05) for DVA and NVA testing was male sex and for CS with glare was higher occupational level. Neither lighting nor any other factor in the model was significantly associated with differences in CS testing alone between the clinic and home. Figure 3 illustrates the relationship between differences in vision between the clinic and home and differences in lighting between the clinic and home.
In a logistic regression analysis, clinically significant better vision in the clinic than home (≥2 lines/triplets difference) was associated with lower lighting in the home than the clinic for DVA, NVA, and CS with glare testing (P < .05). The odds that Lighting was significantly higher in the clinic than home in locations tested for DVA and NVA for both glaucoma and nonglaucoma groups (P < .001, Table 3 ). Median lighting levels for all participants was 4.3 times higher in the clinic than home for DVA testing locations (4.0 for glaucoma and 4.6 for nonglaucoma groups) and 2.8 times higher in the clinic than home for NVA testing locations (2.8 for glaucoma and 3.2 for nonglaucoma groups). For NVA testing, home lighting was higher than clinic lighting for 21% of participants. Figure 4 displays the proportion of participants with and without glaucoma with home lighting levels less than, within, and greater than the recommended lighting levels 20 in locations tested for DVA and NVA. Home lighting levels were below those recommended for 85% and 90% of the total sample in locations tested for DVA and NVA, respectively. There were no statistically significant differences in home lighting by glaucoma severity (P > .10).
In multiple regression analysis, the only factor associated with lower home lighting for DVA was a higher number of comorbidities (partial r = −0.21, P < .05). Factors associated with lower home lighting for NVA were younger age (partial r = 0.19, P < .05) and self-reported African American race (partial r = −0.16, P < .05). Home lighting for NVA was below recommended levels in 98% of African American participants and 87% of non-African American participants.
Discussion
A patient's visual function in their home is clearly important, yet, to our knowledge, only a handful of studies have assessed vision or visual function in the home. 4, [21] [22] [23] In addition, only a few studies 4, 21 have evaluated whether vision measured in the clinic has strong ecological validity (ie, approximates vision measured at home). In our comprehensive study, vision (DVA, NVA, CS, and CS with glare) measured in the clinic was statistically significantly better than vision measured at home for patients with glaucoma, regardless of disease severity, and nonglaucoma participants. In our study sample, more than half of all participants with and without glaucoma measured DVA better in the clinic than home and almost one-third of participants with glaucoma read 2 or more lines better in the clinic. This disparity between the clinic and home was even larger for the advanced glaucoma group, with more than one-third of this group reading 3 or more lines better in the clinic than home. Our findings are comparable with a prior study of low-vision patients 24 and also suggest that older adults with early or no glaucoma measure better DVA in the clinic than home. Furthermore, our results are clinically significant given the association between a 2-line difference on the Early Treatment Diabetic Retinopathy Study Results shown are for differences in vision between the clinic and home for distance visual acuity (VA), near VA, contrast sensitivity (CS), and CS with glare testing. Thus, patients with DVA measuring 2 or more lines better in the clinic than home (ie, 29% of patients with glaucoma and 44% of patients with advanced glaucoma in our sample) are likely not functioning at their maximum visual potential in their home. A high proportion of participants measured better NVA in the clinic than home, with approximately one-fifth of all participants reading 2 or more lines better in the clinic than home. In our study, NVA was measured under standardized diffuse lighting in the clinic and customary lighting for near work, including direct task lighting, in the home. Twenty-one percent of participants had higher lighting in the home compared with the clinic, likely owing to direct task lighting in the home. The use of direct task lighting, as opposed to diffuse lighting, in the clinic may have resulted in even better NVA scores in the clinic than our report. Because many clinicians use direct task lighting for NVA testing, the difference in NVA between the clinic and home (clinic better than home) may be even greater than suggested by our study.
To our knowledge, this study was the first to compare clinic and home measurements of CS and CS with glare. Our results suggest that older adults with and without glaucoma may be experiencing greater difficulty with CS and glare in their homes than measured in the clinic. The largest differences occurred for CS with glare testing, with approximately three-quarters of all participants performing better in the clinic than home and half of all participants reading 2 or more triplets better in the clinic than home. These findings may be most relevant for patients who may not meet standard requirements for cataract surgery by glare testing in the clinic despite significant visual difficulties from glare in their home. In our study, glare testing was measured with the CS chart, thus our findings may not be directly applicable to glare testing with DVA charts, as routinely performed in the clinic.
The results from our study challenge the assumption that vision measured in the clinic is equivalent to vision at home. Clinician awareness of this potential discrepancy in vision between the clinic and home may help explain disjunctions between clinical testing and a patient's report of visual difficulty in their home. A report from the Salisbury Eye Evaluation Study suggests a good correlation (r = 0.52 to 0.86) between performance-based tasks in the clinic and home in 19 visually impaired patients and 78 ocular normal participants. 23 Interestingly in this report, performance-based tasks in the home were overall better than those measured in the clinic (reading with the only statistically significant difference) and lighting was not a predictor of home performance. Functional tasks routinely performed under home lighting may be easier for patients to complete in the home than in the clinic owing to reasons including familiarity and lower stress in the home. We Abbreviation: VA, visual acuity. a Significant difference in mean lighting between the clinic and home; P < .001; matched-pair t test.
Research Original Investigation Differences in Vision Between Clinic and Home reported on differences in clinical measures of vision, which likely requires equal expertise and exposure between the clinic and home. While our results seem contrary to this prior report, both suggest that vision or visual function in the clinic may be different than in the home. Vision measurements in the home, as opposed to in the clinic, are recommended to more accurately evaluate a patient's visual function in the home.
We found that higher lighting in the clinic compared with a patient's home was the most significant factor associated with better vision in the clinic than home for DVA, NVA, and CS with glare testing. Male sex (for NVA and DVA) and higher occupational level (for CS with glare) were other factors significantly associated with better vision in the clinic than home. However, these relationships are not nearly as strong nor readily comprehensible as the one between lighting and vision testing. Furthermore, it is unclear why lighting or any other factor in our analyses was not found to be associated with differences in CS testing between the clinic and home.
While our findings of low lighting in the homes of older adults may not be surprising, the degree of difference in lighting between the clinic and home and the proportion of patients with home lighting below the standard recommendations are striking. Median lighting levels in the home were more than 4 times lower than in the clinic in locations tested for DVA and nearly 3 times lower than in the clinic in locations tested for NVA, despite the use of diffuse lighting in the clinic for NVA testing. In addition, home lighting levels were below those recommended 20 for most of all the participants, regardless of glaucoma severity, in locations tested for DVA (85% of participants) and NVA (90% of participants). These findings are significant given that older adults spend approximately 80% of their day in their homes. 24 Compared with a study 25 Although our results suggest a relationship between higher lighting and better vision, increased home lighting is not recommended for all patients. Certain patients may prefer lower levels of lighting owing to reduced glare or difficulties with light/dark adaptation. While recommendations of increased home lighting may improve visual function in many patients, a client-centered, individualized, in-home evaluation by an occupational therapist or referral to a low-vision specialist may be most beneficial to this subset of patients.
Other factors, besides lighting, may play a role in differences in vision testing between the clinic and home. Patients may associate testing in the clinic with physician visits, where they are motivated to perform optimally to please their physician, receive a good report, or avoid further treatment. Such a conditioned response, likely associated with increased anxiety in a physician's office, also occurs with blood pressure measurements, where the term white-coat hypertension refers to blood pressure measurements higher in the clinic than ambulatory settings.
1,2 Alternatively, increased relaxation in the home environment may contribute to better cognitive testing in the home than clinic. 3 Perhaps patients perform better on vision testing in the clinic owing to a white-coat motivation syndrome and/or perform worse in the home owing to increased relaxation and thus less motivation to perform as well as in the clinic. This report is from a larger study that comprehensively evaluated visual function and quality of life in patients with and without glaucoma. The strengths of our study include the randomization between clinic and home visits, standardized testing, high intergrader reliability, and examiner masking to participant diagnosis. In addition, our study sample was relatively large and encompassed all stages of glaucoma and ocular normals. Participants in our study were recruited from a tertiary care center and consisted of fairly well-educated, cognitively intact, English-speaking older adults of mainly white and African American descent. Participants had no other major ocular comorbidities and were able to complete reliable and repeatable visual fields. Therefore, our results may not be generalizable to populations differing in these characteristics. While it is difficult to ascertain, vision and lighting in the homes of patients refusing participation (47% of eligible patients), particularly those with advanced glaucoma, may differ from those participating in the study. Although our intent was to evaluate a patient's vision in their natural environment, the presence of an examiner in the home may have resulted in better patient performance owing to increased efforts to please the examiner or worse patient performance owing to anxiety of a stranger in their home. In addition, participants may have had different examiners or the same examiner conducting the clinic and home visits, potentially inducing measurement variability or measurement bias, respectively. Efforts to decrease measurement variability and bias were made through a standardization examination and a didactic course on test administration for all examiners prior to data collection. Lastly, this was a cross-sectional study, thus the directional influences of lighting on vision should be studied prospectively.
In summary, distance and near VA, CS, and CS with glare may be better in the clinic than home for older adults with and without glaucoma. This discrepancy may be owing, in part, to poor home lighting. Clinician awareness of these results may ease confusion regarding inconsistencies between a patient's stated visual difficulties and their clinical examination. Such knowledge may facilitate discussions promoting increased home lighting and in-home evaluations by occupational therapists and low-vision rehabilitation specialists. Finally, the results from our study challenge the ecological validity of vision testing in the clinic and emphasize the importance of measuring vision in the home to accurately evaluate the visual function of older adults in their home.
